Objectives: The present study was undertaken to analyze bitewing digital images detection of interproximal caries through interobserver agreement. Materials and Methods: The study evaluated 152 bitewing radiographs for detection of interproximal caries by two observers: an operative dentist and oral radiologist. Results: The Kappa values for interobserver agreements were 0.47 and 0.44 in the first and second observations, while for intraobserver agreements, these values were 0.61 and 0.69 for the operative dentist and oral radiologist, respectively. Comparison of area under the receiver operating characteristic curves for inter-and intra-observer ratings was nonsignificant. Conclusion: The digital bitewing radiography resulted in no variation in both the agreements, and it was useful with respect to the reliability of diagnosis of interproximal caries.
INTRODUCTION
Dental caries is the most prevalent chronic disease worldwide and its diagnosis remains a major challenge in clinical dentistry. Clinical examination with probing, visual inspection along with intraoral films, and digital radiography are various methods used for detection of carious lesions, yet, 25%-42% of carious lesions remain undetected. [1, 2] The current understanding about the biological concept of caries involves new methodologies in caries detection, assessment, and management including noncarious lesions. [3] Nevertheless, proximal areas can hardly be evaluated directly; decays in these surfaces are often diagnosed with the help of radiography, [1] especially bitewing radiography.
Numerous systems for intraoral digital radiography are available as alternatives to film-based radiography. With the advances in digital radiography, in view of its advantages such as image storage, ease of image manipulation, image enhancement, and ease of transfer for referral, it has more potential in adding to the quality of dental practice. [4, 5] Further diagnostic accuracy in the detection of interproximal caries on digital intraoral radiography is considered equivalent to film-based radiography. [6] Thus, analysis of retrospective data in understanding the diagnostic importance of direct digital images and its futuristic scope in enhancing the quality of rendering service to patients could be imperative. With this view in mind, the present study was undertaken, wherein digital images were analyzed for detection of interproximal caries and evaluated on the basis of interobserver agreement.
MATERIALS AND METHODS
Our study used 152 digital bitewing radiographs of molars and premolars. The radiographs were obtained on a Sirona Sidexis digital imaging system [ Figure 1 ]. Radiographic exposure was performed on the VarioDG intraoral X-ray machine (Sirona, Germany). The pretreatment images of the patients were selected from the software database for evaluation after ensuring optimal image quality with good visibility of the coronal pulp, enamel, and dentin. All images were evaluated at 2-week interval separately by two calibrated observers, operative dentist, and oral radiologist without any time constraints. The mesial and distal aspects of the teeth in each image were randomly evaluated for the presence/absence of proximal caries. The scoring system was designated as a 5-point scale as, 1 -Definitely no caries, 2 -Caries likely to be absent, 3 -Questionable, 4 -Caries likely to be present, and 5 -Definite presence of caries. Observers did not have any clinical information about the absence or presence of caries and used the same monitor for evaluation.
Statistical analysis
Interobserver agreement was determined with Kappa values according to Landis and Koch. [7] Kendall's correlation coefficient was calculated to measure the strength of relationships between the variables. One-way analysis of variance (ANOVA) was employed to analyze the differences of significance among inter-and intra-observer. Repeated-measure ANOVA was performed to test the variables containing the different evaluations for caries ratings by both the observers. The significance level was considered at P < 0.05.
RESULTS
Interobserver agreement was in the range of "moderate" values for interobserver evaluations, while the intraobserver agreement was found to be "substantial" [ Tables 1 and 2 ]. Kendall's correlation coefficient was significant in both the ratings [ Table 2 ]. With the first evaluation by the oral radiologist as a reference standard, each performance was subsequently converted into a receiver operating characteristic (ROC) curve. The maximum likelihood parameters were determined and the area under each ROC curve (Az) was calculated. Table 3 shows that area under the ROC curve for each observation, but no significant difference was found between inter-and intra-observer performances [ Figure 2 ]. Table 4 shows the mean and standard deviations for each observation by both the observers. Significant differences in their means were found in one-way ANOVA and repeated measure ANOVA among all the observations.
DISCUSSION
It is imperative to detect caries as timely as possible to reverse/stop its progression where ever possible and to restore the tooth in a most conservative way. [8] The diagnostic accurateness of frequently used methods needs a comprehensive evaluation to differentiate among their advantages and limits. [9] Nevertheless, accurate caries detection, especially on proximal surfaces, is essential for the management and preservation of dentition. Although numerous caries detection tools exist, none of them individually would give an accurate detection of caries. Radiography remains a routine method for the detection of dental caries and depends on the selection of radiographic technique. With the advances in digital radiography, it has been compared with conventional film-based radiography for caries diagnosis. [9, 10] Digital radiography is one of encouraging tool in diagnosis and detection of dental caries. The diagnostic performance of digital radiographs is as good as conventional radiographs. In addition, it needs low radiation dose and the images can be archived and replicated with ease. [11] Most of the clinicians nowadays prefer digital radiography over conventional radiography due to its ease of operation. However, there is a need to understand other potential advantages of digital radiography such as the use of color coding and other image enhancing tools. Thus, there is a need for new generation general dentists to explore the various aspects of digital radiography. Further, it was found that there are numerous in vitro studies conducted on diagnostic accuracy of digital radiography in caries detection, and very few are in vivo studies. This perpetrated the thought of evaluating the diagnostic accuracy of digital radiographs. With this view, the present study was conducted on 152 digital bitewing radiographs for the detection of proximal carious lesions. Two observers, namely, an operative dentist and the oral radiologist, evaluated those radiographs for the presence or absence of caries on the proximal surfaces.
The present study did not show significant differences among observers though intraobserver ratings were comparable. Further, observers' agreements reported in the literature also vary among radiographic studies of caries detection. This may be attributed to differences in characteristics of samples in the studies, such as depth of proximal caries, clinical presentation of dentition, tooth surface involvement, caries prevalence rate, and to some extent to the number of raters. [12] [13] [14] [15] [16] Diagnosing a disease entity is a cognitive and perceptional phenomenon and can affect the outcomes of research studies. Expertise in visual domains like radiographic evaluations appear elusive therefore relying on a single method of diagnosis is not recommended. There is a large perceptual component in the radiographic examination that rapidly recognizes patterns rather than a cognitive component that seeks data for further judgment. [17, 18] This entails the diagnosticians to correlate the clinical findings with the information gathered from other diagnostic data. Nevertheless, the present study is promising in indicating the use of bitewing radiography for detection of a proximal carious lesion.
In the present study, interobserver and intraobserver agreements were "fair" and "substantial," respectively. Kendall's correlation coefficients were also statistically significant suggesting good reliability. Our findings were in accordance with a study on the detection of proximal caries using direct digital radiography by Naitoh et al. [6] Rockenbach et al. also found good reliability in Kendall's coefficients in digital over conventional radiographic analysis. [5] Senneby et al. found a novel caries classification and evaluated proximal carious lesions among different observers. [18] Their interrater and intrarater agreements were found to be substantial. This reveals that digital radiography offers a better evaluation of proximal caries with experience irrespective of dental specialty and does not present a problem in relation to the reliability of diagnosis.
Both the observers' assessments were compared to determine the diagnostic performance. The diagnostic performance was expressed in terms of area under the ROC curve (A Z ). No significant differences were observed in the area under curves for all observations in ROC curve analysis in this study. Similarly, other researchers found no significant differences in A Z values in various digital radiographic systems for carious lesions. [2, 5] However, some authors found significant A Z values in digital bitewing radiography. [4, 19] One study evaluated the performance of RVGui sensor and Kodak Ektaspeed film in the detection of proximal caries and found nonsignificant differences among observers. [20] Thus, it can be determined that observer agreement does not alter during multiple evaluations of the same digital data.
Evidence-based diagnosis and treatment planning necessitate a diagnostic evaluation method as precise as possible to disclose the status of the disease, lesion, or entity. In vitro studies conducted on diagnosis of proximal caries have revealed that intraoral digital radiograph bears the same diagnostic significance as that of the conventional films. [21] However, there is no correlation of in vitro conditions that depict actual or in vivo presentation of carious lesions. Therefore, there is a need for conducting more in vivo studies to establish the promising role of diagnostic tools in the assessment of proximal carious lesions.
CONCLUSION
The present study reveals that digital bitewings radiographs can be a useful tool in the diagnosis of proximal caries because of the advantages offered by digital systems. However, clinical correlation with radiographic images is warranted in the routine clinical practice. 
